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(54) THIN FILM MAGNETIC HEAD AND MAGNETIC RECORDING/ REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a proper 
magnetic domain structure of a core by forming a groove : . 
on an insulation film formed on a coil in the direction 
vertical to the opposite surface and leading the magnetic 
domain parallel to the opposite surface. $ 
SOLUTION: The insulation film 16 formed on the coil 15 
and an upper part magnetic film 1 7 formed on the film 1 6 
tends to cause ruggedness in the direction parallel to 
the opposite surface due to the influence of the level 
difference of a coiL Therefore, the thin film magnetic 
heads having the magnetic domain structure that 
magnetization tends to turn vertically to the opposite 
surface become more. On the contrary, the groove is 
formed in the direction vertical to the opposite surface 
by using an ion beam after the insulation film 16 is 
formed. The sizes of the groove become e.g. width of 
nearly 1 |um f depth of nearly 80nm and a gap of the width 
of 1jim. When the upper part magnetic film 17 is formed 
on the film 16 by a frame plating method, the magnetic 
domain structure such as figure A is obtained. This is considered as that stress acts parallel to 
the opposite surface because of the formation of the groove. Thus, the magnetic domain 
structure of the magnetic core is improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A lower magnetic film and the above-mentioned up magnetic film which is formed on 
the above-mentioned lower magnetic film, and the end is in contact with the end of a lower 
magnetic film, and the other end counters the other end of the above-mentioned lower magnetic 
film through a magnetic gap, and forms a magnetic circuit, In the thin film magnetic head which 
consists of a coil of the number of predetermined winding which intersects a magnetic core 
through the film insulated electrically and by which the above-mentioned up magnetic film was 
formed at least with electroplating among both the above-mentioned magnetic films The thin film 
magnetic head characterized by forming the above-mentioned up magnetic film on the insulator 
layer which formed the slot perpendicularly to the opposed face. 

[Claim 2] The thin film magnetic head whose nickel presentation the above-mentioned magnetic 
film consists of an alloy which uses nickel and Fe as a principal component in claim 1 r and is 40 - 
60wt%. 

[Claim 3] In claim 1 or claim 2 the nickel++ metal ion of a plating bath and a Fe++ metal ion 
density range It is the plating bath which consists of a solvent whose ratio of concentration 
(nickel++/Fe++) of a nickel++ metal ion and a Fe++ metal ion it is 5 - 20 g/l and 0.5 — 2.7 g/l, 
respectively, and is 6-8. And the thin film magnetic head in which the stress relaxation agent and 
the surfactant are added and the magnetic film was formed from the plating bath whose pH is 2.5 
to 3.5, and whenever [ bath temperature / whose ] is 20-40 degrees C. 

[Claim 4] The addition of the element of less than [ 15wt% ] and others is the thin film magnetic 
head whose addition of Co at least one kind of element chosen as a nickel-Fe alloy from Co, Cr, 
Mo f Pd, B, In, and W is added in claims 1, 2, or 3, and is less than [ 3wt% ] in a total amount. 
[Claim 5] The compound-die magnetic head which combined the above-mentioned thin film 
magnetic head according to claim 1, 2, 3, or 4 and a multilayer magneto-resistive effect 
component. 

[Claim 6] The magnetic recorder and reproducing device which carried the above-mentioned 
magnetic head according to claim 1, 2, 3, 4, or 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic head corresponding to high 

magnetic recording density, and a magnetic recorder and reproducing device. 

[0002] 

[Description of the Prior Art] In recent years, the thin film magnetic head recordable on the 
medium of high coercive force is demanded with the raise in the recording density of a magnetic 
disk drive. For that purpose, it is necessary to use for the core materials of the magnetic head 
the ingredient which has high saturation magnetic flux density, and was excellent in the RF 
property. For a current thin film magnetic-head ingredient, although a permalloy (78wt%nickel-Fe 
alloy) is well-known, saturation magnetic flux density is LOT. Low, since specific resistance is as 
low as 20microomegacm extent, eddy current loss is large and there is a problem to which the 
record magnetic field strength in a RF field falls. Moreover, as other ingredients, the amorphous 
ingredient is thermally unstable, although Co system amorphous ingredient, Sendust (Fe- 
aluminum-Si alloy), etc. are mentioned, since Sendust needs heat treatment of about 500 
degrees C, a problem is on a magnetic— head process, and it has not resulted in utilization. 
[0003] Moreover, the magnetic film formed as a thin film head ingredient corresponding to a RF 
by the sputtering method which added Nb, Ta, Cr, Mo, etc. into the 40-55wt%nickel-Fe alloy is 
proposed (JP,3~68744,A). However, crystal grain will become large if 2 micrometers or more of 
this film are formed by the sputtering method. Since this film has the big crystal magnetic 
anisotropy, it has the problem that magnetic properties will deteriorate. 
[0004] 

[Problem(s) to be Solved by the Invention] It is required for the magnetic disk drive which has 
high magnetic recording density to use the thin film magnetic head using the ingredient with 
which it has high saturation magnetic flux density, and record magnetic field strength does not 
fall by the RF. The 40~60wt%nickel-Fe alloy produced by the galvanizing method is 1.4T. It has 
the above high saturation magnetic flux density, and even if it forms the no less than 5 
micrometers thick film, magnetic properties do not deteriorate. Moreover, more than 
30microomegacm and since specific resistance is also high, its eddy current loss is small. 
However, the magnetostriction constant of a nickel-Fe alloy is 40/107. It is high. For this reason, 
it is easy to be influenced of the irregularity of a magnetic-core configuration and a plating side 
etc., and when a magnetic core is produced by the galvanizing method which big stress commits 
on the film, good magnetic-domain structure is hard to be acquired. For this reason, it is difficult 
to record on the medium which has high coercive force in a RF field. 

[0005] The purpose of this invention is to offer the solution approach of the problem of the thin 

film magnetic head. 

[0006] 

[Means for Solving the Problem] this invention person etc. came to complete a header and this 
invention for the magnetic domain which was suitable in parallel to the opposed face by forming 
a 40-60wt%nickel-Fe alloy by the galvanizing method on the insulator layer which formed the slot 
perpendicularly to the opposed face as a result of doing sincerity research being stabilized, and 
being formed about the magnetic-core ingredient in the thin film magnetic head. 
[0007] That is, when using for the magnetic core of the thin film magnetic head the 40-60wt% 
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nickel-Fe alloy produced by the galvanizing method, membranous stress can be applied in parallel 
to an opposed face by forming on the insulator layer which formed the slot perpendicularly to the 
opposed face. The thin film magnetic head to which the proper magnetic-domain structure which 
magnetization of the main magnetic domain turned to in parallel to the opposed face is acquired 
in response to membranous stress, and the 40-60wt%nickel-Fe alloy which has a forward big 
magnetostriction constant by this can respond to a RF is obtained. 

[0008] Moreover, still higher saturation magnetic flux density is obtained by adding Co into a 

nickel-Fe alloy. Moreover, by adding elements, such as Mo, Cr t Pd, B, In, and W, specific 

resistance becomes high and eddy current loss falls. According to such effectiveness, the thin 

film magnetic head which has still higher frequency characteristics is obtained. 

[0009] Furthermore, a magnetic recorder and reproducing device with high magnetic recording 

density is obtained by using the thin film magnetic head. 

[0010] 

[Embodiment of the Invention] 

(Example 1) The presentation of the magnetic film which metal ion concentration was changed to 
drawing 1 , and was galvanized, and the relation of saturation magnetic flux density, electrical 
resistivity, and a magnetostriction constant are shown. Here, the plating bath changed the 
concentration of nickel++ using the bath shown in Table 1. Here, in pH, 30 degrees C and plating 
current density made whenever [ 3.0 and bath temperature ] 1 5 mA/cm2, and thickness could be 
about 3.0 micrometers. 
[0011] 
[Table 1] 

S 1 



N i C 1 2 • 6 H z O 


34.7 9/1 


Ni S 0 4 • 6 H2O 


16.5g/l 


FeSOd • 7H2O 


7.3g/l 


H 3 B O4 


2 5 g/ 1 


N a C 1 


25g/l 


t** 1* U >N a 


1.5g/l 


U JUttKN a 


O.lg/I 



[0012] Saturation magnetic flux density is 1.4T in the field whose nickel content is 40 - 60wt% as 
shown in drawing 1 . Electrical resistivity is excellent above as compared with more than 
30microomegacm and the permalloy film known well conventionally. Moreover, coercive force is 
also as low as below 1.0 Oe. However, for the nickel-Fe alloy film of this example, a 
magnetostriction constant is +40/107. It is high with the above. For pH, the range of 2.5-3.5 and 
current density are [ such a property ] 5 - 30 mA/cm2. Whenever [ range and bath 
temperature ] did not change a lot, although it was made to change in 20-40 degrees C. 
[0013] The cross section of the thin film magnetic head is shown in drawing 2 . The ceramic 
substrate which fully ground the front face and washed it was used for the substrate 1 1. On a 
substrate 1 1, it is 2.8 micrometers in thickness as a lower magnetic film 12. The permalloy 
(78wt%nickel-Fe) thin film containing nitrogen was produced by the RF-sputtering method. LOT 
and a magnetostriction constant the magnetic properties of the nickel-Fe film containing this 
nitrogen - It was 1.0/107. [ coercive force ] [ 0.5 Oe and saturation magnetic flux density ] By 
ion milling, the spatter of the magnetic gap film 13 which becomes from aluminum 203 after 
patterning about the lower magnetic film 12 at a predetermined configuration was carried out, 
and patterning was performed by the ion milling method. Next, patterning of the insulator layer 14 
which consists of a photoresist was carried out to the predetermined configuration by spreading, 
exposure, development, and heat treatment. The coil 15 which consists of Cu on an insulator 
layer 14 was carried out after production, and patterning of the insulator layer 16 was carried out 
to formation and a predetermined configuration by the galvanizing method. On the insulator layer 
1 6, the up magnetic film 1 7 which consists of a nickel-Fe alloy with a thickness of 3 micrometers 
was formed by the frame galvanizing method. The protective coat 18 which becomes the last 
from aluminum 203 was formed. 
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[0014] The forming method by the frame galvanizing method of the up magnetic film 1 7 is shown 
< n drawing 3 . On the substrate 21 (it is equivalent to 16 of drawing 1 ) f in order to raise the 
adhesion of a substrate and a magnetic film, the permalloy magnetism substrate film 23 which 
contained the nitrogen of 80nm thickness as an electrode for galvanizing the Cr layer 22 of 30nm 
thickness further was formed by the RF-sputtering method. Next, the frame 24 was formed by 
the photoresist and the nickel-Fe alloy magnetic film 25 of 3-micrometer thickness was formed 
with electroplating (a). The plating magnetic film after plating and in a frame is covered by the 
photoresist 26, the plating film of (b) and a frame outside is removed using chemical etching, and 
the up resist 26 and a frame 24 are removed (c). The presentation shown in Table 1 was used 
for the plating bath at this time. Thereby, the presentation of the formed magnetic film was 
46wt%nickel-Fe. the place which investigated the magnetic properties of this nickel-Fe alloy — 
coercive force — 0.5Oe(s) and saturation magnetic flux density — 1.62T and a magnetostriction 
constant — +50/107 it was . 

[0015] Thus, the magnetic-domain structure of the up core in the produced thin film magnetic 
head was observed. Magnetic-domain structure is shown in drawing 4 . Usually, when the thin 
film magnetic head is produced by such approach, the up magnetic film 17 formed the insulator 
layer 16 formed on the coil 15 and on this is influenced of a coil level difference, and irregularity 
tends to produce it in parallel to an opposed face. For this reason, membranous stress is 
perpendicularly committed to an opposed face, and it becomes easy for a magnetostriction 
constant to be forward, and to turn to magnetization, when a big magnetic film is used 
perpendicularly to an opposed face. Therefore, the thin film magnetic head which has magnetic- 
domain structure as shown in drawing 4 increases. 

[0016] On the other hand, the slot was perpendicularly formed to the opposed face after forming 
an insulator layer 16 using the ion beam. Magnitude of a slot was set into 1 micrometer of 
and the depth was set to about 80nm. Moreover, spacing of width of face was set to 1 
micrometer. When the up magnetic film 1 7 was besides similarly formed by the frame galvanizing 
method and magnetic-domain structure was observed, as shown in drawin g 5 , magnetization was 
suitable in parallel to the opposed face, namely, many thin film magnetic heads which have 
proper magnetic-domain structure were obtained. This is considered to be because for stress to 
work in parallel to an opposed face by having formed the slot. 

[0017] It investigated frequency dependent [ of the standardized record magnetic field strength ] 
using the thin film magnetic head of this invention with the magnetic-domain structure shown in 
drawing__5 . This is shown in dr aw ing 6 . The ingredient which consists of a Co-Cr— Pt system 
alloy of residual magnetic flux density 2500Oe was used for the magnetic-recording medium. 
Moreover, the width of recording track of the magnetic head was set to 3 micrometers. As 
shown in drawing, as compared with the conventional permalloy thin film head, saturation 
magnetic flux density and high 40 - 60 nickel-Fe alloy thin film head of electrical resistivity have 
a record field also with a high RF. Furthermore, by rationalizing magnetic-domain structure 
showed that the record engine performance excellent also in the RF field 70MHz or more was 
shown like this invention. Furthermore, as for record magnetic field strength, even the frequency 
of 90MHz falls only about 15%. 

[0018] Although the slot is formed by irradiating an ion beam in this example, irregularity may be 
formed using the other approaches. Moreover, when the ease of production is taken into 
consideration, as for the magnitude of a slot, it is desirable to make it width of face of 0.1 
micrometers - 10 micrometers, a depth of 50nm - 0.5 micrometers, and slot spacing of 0.1 
micrometers - about 10 micrometers. 

[0019] (Example 2) Many properties of a nickel-Fe-Co thin film with a thickness of 3 
micrometers which adds CoS04.7H20 to the plating bath shown in the example 1, and is 
produced were evaluated. Change of the saturation magnetic flux density to Co addition is shown 
in drawing 7 . As shown in drawing, addition of Co increases saturation magnetic flux density, 
however, it is shown in drawing 8 — as — Co — more than 15wt% — if it adds, electrical 
resistivity will decrease greatly and will be set to 30 or less microomegacm. Co — more than 
15wt% — since the effectiveness which saturation magnetic flux density increased by the 
effectiveness of eddy current loss becoming large is lost when the added magnetic film is used 
for the thin film magnetic head, it is not desirable. 
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[0020] (Example 3) Many properties of a nickel-Fe-Cr thin film with a thickness of 3 
micrometers which adds CrCI3.6H20 to the plating bath shown in the example 1, and is produced 
were evaluated. Change of the electrical resistivity to Cr addition is shown in drawing 9 . As 
shown in drawing, when Cr addition is more than 2wt%, electrical resistivity with high 
60microomegacm extent is obtained, however — if Cr addition dependency of the saturation 
magnetic flux density of drawing 10 is seen — Cr — more than 3wt% — if it adds — saturation 
magnetic flux density — large — falling — 1 .4T It becomes the following. For this reason, it is 
not desirable to add more than 3wt%Cr. 

[0021] Although this example described the case where Cr was added, the same effectiveness is 
acquired also when Mo, Pd, B, In, and W are added. 

[0022] (Example 4) The record playback discrete-type head was produced using the thin film 
magnetic head shown in the example 1 . The structure of the magnetic head is shown below. 
Drawing 1 1 is a perspective view at the time of cutting a part of magnetic head. The part which 
sandwiched the magneto-resistive effect film 31 in the shielding layers 32 and 33 works as the 
reproducing head. Moreover, the shielding layer 33 serves also as the lower magnetic pole of a 
recording head, and the parts of the shielding layer 33 which sandwiches a coil 34, and the up 
magnetic pole 35 work as a recording head. This recording head is the thin film magnetic head 
given in an example 1. Moreover, the ingredient of the multilayer structure of Cr/Cu/Cr was 
used for the electrode 38. 

[0023] The production approach of this head is shown below. 

[0024] The sintered compact which uses aluminum 203 and TiC as a principal component was 
used as the substrate 36 for sliders. The permalloy containing the nitrogen formed by the 
sputtering method was used for the shielding layers 32 and 33. It was made for the thickness of 
each magnetic film to be the following. The yp-and-down shielding layers 32 and 33 used 
aluminum 203 in which 2.0 micrometers and the up magnetic pole 36 formed the gap material 
between 3.0 micrometers and each class by sputtering. The thickness of a gap layer could be 0.4 
micrometers between 0.2 micrometers and a record magnetic pole between the shielding layer 
and the magneto-resistive effect component. The permalloy film with a thickness of 20nm was 
used for the magneto-resistive effect film 31 . Cu of 1 micrometer of thickness was used for the 
coil 34. 

[0025] By the magnetic head of the structure described above, when record playback was 
performed, it turned out that RF record of 70MHz or more is possible for a maximum output 
frequency. This is considered to be because for the magnetic head by this invention to have 
been used for the magnetic head. 

[0026] In this example, the up shielding layer 33 can also be formed using the galvanizing method, 
although the sputtering method is used. 

[0027] (Example 5) The magnetic disk drive was produced using the magnetic head of this 
invention stated in the example 2. The schematic diagram of the structure of a magnetic disk 
drive is shown in drawing 1 2 . 

[0028] The ingredient which consists of a Co-Cr-Pt system alloy of residual magnetic flux 
density 2500Oe was used for the record layer of the magnetic-recording medium 41. The width 
of recording track of the recording head of the magnetic head 43 is 2.5 micrometers. The width 
of recording track of the reproducing head was set to 2 micrometers. As compared with the 
recording head which used the conventional permalloy, it has high resistance and high saturation 
magnetic flux density, and since the magnetic-domain structure of a magnetic pole is good, the 
magnetic-core ingredient of the recording head in the magnetic head 43 can produce the 
magnetic disk drive corresponding to high frequency. The magnetic head of this invention has a 
maximum output frequency effective in the magnetic recorder and reproducing device which is 
70MHz or more. 
[0029] 

[Effect of the Invention] A lower magnetic film and the up magnetic film which is formed on a 
lower magnetic film, and the end is in contact with the end of a lower magnetic film, and the 
other end counters the other end of a lower magnetic film through a magnetic gap, and forms a 
magnetic circuit, By the thin film magnetic head which is the thin film magnetic head which 
consists of a coil of the number of predetermined winding which intersects a magnetic core 
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through the film insulated electrically and by which the up magnetic film was formed with 
electroplating among both magnetic films Even if it uses the magnetic film which has a big 
magnetostriction constant by forming a magnetic film on the insulator layer in which the slot was 
formed perpendicularly, to an opposed face, the magnetic-domain structure of a magnetic core 
becomes good. Thereby, the 40-60wt%nickel-Fe alloy film which has high resistance and high 
saturation magnetic flux density can be used for a recording head. Moreover, the magnetic head 
whose maximum output frequency is 70MHz or more is producible by using this recording head. 
Furthermore, a high performance magnetic recorder and reproducing device can be obtained by 
using the magnetic head. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view of change of the saturation magnetic flux density to nickel 
content, electrical resistivity, and a magnetostriction constant. 
[Drawing 2] The sectional view of the thin film magnetic head. 
[Drawing 3] The explanatory view of the frame galvanizing method. 

[Drawing 4] The explanatory view of the magnetic-domain structure of the up core by the 
conventional method. 

[ Drawing 5] The explanatory view of the magnetic-domain structure of the up core by this 
invention. 

[Drawing 6] The frequency dependent property Fig. of record magnetic field strength using the 
thin film magnetic head of this invention. 

[Drawing 7] The property Fig. of change of the saturation magnetic flux density to Co addition. 

[Drawing 8] The property Fig. of change of the electrical resistivity to Co addition. 

[Drawing 9] The property Fig. of change of the electrical resistivity to Cr addition. 

[Drawing 10 ] The property Fig. of change of the saturation magnetic flux density to Cr addition. 

[Drawing 1 1 ] The perspective view of the magnetic head using the thin film magnetic head of this 

invention. 

[Drawing 12] The explanatory view of the magnetic disk drive using the thin film magnetic head 
of this invention. 
[Description of Notations] 

11 [ — An insulator layer, 15/ — A coil, 17/ — Up magnetic film. ] — A substrate, 12 — A 
lower magnetic film, 13 — 14 The magnetic gap film, 16 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 5] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 

SI 9 





h 


h — * 












r 









0.0 1.0 2.0 3.0 4.0 



[Drawing 10] 

m io 



2.0 
1.8 



j§ 1,4 

1 1-2 
1.0 



0.0 1.0 2.0 3.0 4.0 
Cr£/fflB(wt%) 



[Dra wi ng 1 1 ] 



11 




[Drawing 12] 
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